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JOSEPHSON MEMORY CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to a Josephson memory
circuit using Josephson gates and, more particularly, to
a Josephson NDRO (NONDESTRUCTIVE READ-

OUT) memory circuit adapted to store binary informa-
tion represented by the presence/absence or direction
of a persistent circulating current which is to flow
through a superconducting loop having a Josephson
gate therein. |

In the past, some Josephson memory circuits have
been proposed which feature a short access time and
low power consumption. Typical of such Josephson
memories may be the one described in a paper by W. H.

Henkels entitled “Fundamental criteria for the design of

hmgh-performance Josephson nondestructive readout
random access memory cells and experimental confir-
mation”, J. Appl. Phys. 50 (12), December 1979, pp.
8143-8168, or the one described in a paper by W. H.
Henkels and J. H. Greiner entitled “Experimental Sin-
gle Flux Quantum NDRO Josephson Memory Cell,”
IEEE JOURNAL OF SOLID-STATE CIRCUITS,
VOL. SC-14, No. 5, October 1979, pp. 794-796.

Basically, a Josephson memory circuit of the type
described consists of cells arranged in a matrix. Each of
the cells comprises a superconducting closed loop hav-
ing one Josephson write gate therein and a Josephson
sense gate which is disposed near the superconducting
loop. The superconducting loops of the cells in the
column direction are respectively connected in series
through bias lines. Two independent control lines ex-
tend 1n the vicinity of the write gates in the row and
column directions, respectively, in order to apply con-
trol magnetic fields to the write gates. A sense line is
associated with the sense gate of each cell in the row
direction so as to permit a read bias current to flow
therethrough.

To write information into a cell, predetermined levels
of currents are supplied to the bias line and the two
_control lines associated with the cell. The currents thus
supplied allow the write gate to temporarily have a
voltage state of a certain level (referred to hereunder as
“voltage state”) so that the bias current flows through
one branch of the superconducting loop which does not
include the write gate. Thereafter, the supply of the
currents is cut off to hold in the superconducting loop a
persistent circulating current which flows toward the
above-mentioned one branch. To remove the circulat-
ing current, two control currents are supplied without
supplying the bias current, so that the write gate is
brought to the voltage state and the supply of the cur-
rents 1s interrupted.

For reading information out of the cell, the control
characteristic of the sense gate is selected so that the
sense gate 1s switched to the zero-voltage state or to the
voltage state by a magnetic field due to the bias current
which flows through the previously mentioned one
branch in response to coincidence of the bias current
and the read bias current, or by a magnetic field due to
the sum of the bias current, the read bias current and the
circulating current. Thus, information is read out by
detecting a state of the sense gate.

As described above, however, the prior art Josephson
memory circuit has a complicated construction because
every cell needs one bias line, two control lines and one
sense line and each of these lines must be provided with
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a power source. This is objectionable in the aspects of
integration density, yield and uniformity in the charac-
teristics of the products.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
provide a simplified Josephson memory circuit.

It 1s another object of the present invention to pro-
vide a Josephson memory circuit with reduced power
supply lines associated with each cell.

It 1s another object of the present invention to pro-
vide a Josephson memory circuit made with simplified
power source design.

It 1s another object of the present invention to pro-
vide a Josephson memory circuit which binary informa-
tion is represented by the presence/absence or flow
directions of the circulating current which flows
through a closed superconducting loop.

Other objects and features of the present invention
will become apparent from the following description
and the accompanying drawings.

According to one aspect of the present invention,
there 1s provided a Josephson memory circuit compris-
ing a closed superconducting loop having a first node
and including a first Josephson gate, a first line con-
nected to the first node, a second Josephson gate lo-
cated so close to the superconducting loop as to electro-
magnetically couple with the superconducting loop, a
second line located to electromagnetically couple to the
first Josephson gate, and a third line connected to the
second Josephson gate and located to electromagneti-
cally couple to the first Josephson gate. The first Jo-
sephson gate has a control characteristic which is se-
lected to switch the state thereof in response to coinci-
dence of currents of predetermined levels Iy, Iy and
Iy1 which are supplied to the first, second and third
lines, respectively. The second Josephson gate has a
control characteristic which is selected to switch the
state thereof in response to coincidence of the current
Iy, a current of a predetermined level I ypsupplied to the
third line, and a persistent circulating current which
flows through the superconducting loop in a predeter-
mined direction.

In accordance with another aspect of the present
invention, there is provided a Josephson memory cir-
cutt comprising a plurality of cells arranged in matrix of
rows and columns and each having a closed supercon-
ducting loop with a first Josephson gate included
therein, and a second Josephson gate located to electro-
magnetically couple to the superconducting loop, a
plurality of first lines extending in parallel in the column
direction and respectively connected to the supercon-
ducting loops of the cells associated to the respective
columns, a plurality of second lines extending in parallel
in the column direction and respectively located near
the first Josephson gates of the cells associated to the
respective columns to electromagnetically couple to the
first Josephson gates, a plurality of third lines extending
in the row direction and respectively connected to the
second Josephson gates of the cells associated to the
respective rows and located to electromagnetically

couple to the first Josephson gates of such cells, and

detectors respectively connected to the third lines and
each detecting a state of the associated second Joseph-
son gate. Each of the first Josephson gates has a control
characteristic which switches a state thereof in response

to coincidence of currents of predetermined levels Iy,
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Iy and Iy; which are supplied to the first, second and
third lines, respectively. Each of the second Josephson
gates has a control characteristic which switches a state
thereof in response to coincidence of the current ly, a
current of a predetermined level Iyp supplied to the
third line, and a persistent circulating current which
flows through the superconducting loop in a predeter-
mined direction.

In the above aspect, the second line may be formed
along the vicinity of the first Josephson gates of diago-
nally aligned ones of the cells (i.e. located to electro-
magnetically couple to the first Josephson gates).

In any one of the above aspects, binary information
may be represented by the presence/absence or flow
directions of a persistent circulating current in the su-
perconducting loop by suitably designing the currents
Iy, Ix1 and Iyp. In this case, the currents Ly; and 1yp may
be made equal in absolute value but different in polarity
in order to simplify the power source arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of one embodiment of the inven-
tion;

FIGS. 2A and 2B are diagrams of control characteris-
tics of a Josephson write gate and a Josephson sense
gate shown in FIG, 1;

FIG. 3 is a diagram of one application of the inven-
tion; |

FIG. 4 is a detailed diagram of the structure shown in
FIG. 3;

FIG. 5 1s a diagram of another embodiment of the
invention;

- FIGS. 6A and 6B are diagrams of control characteris-
tics of a write gate and a sense gate in each cell shown
in FIG. 5;

FIGS. TA and 7B are diagrams of control characteris-
tics of write and sense gates for use in still another em-
bodiment of the present invention; and

- FIGS. 8A and 8B are diagrams of control characteris-
tics of write and sense gates for use in yet another em-
‘bodiment of the present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

Referring to FIG. 1, a basic cell construction of a
Josephson memory circuit of the invention is shown. A
bias line 33 is connected to a closed superconducting
loop which comprises a branch 21 including a Joseph-
son write gate 11 and another branch 22 including no
gates. A control line 34 1s located adjacent to the write
gate 11. A control/sense line 35 is provided in the vicin-
ity of the write gate 11 to supply a bias current to a
Josephson sense gate 12 provided near the branch 22.
The gates 11 and 12 have control characteristics shown
in FIGS. 2A and 2B, respectively. In each drawing, I¢
is the control current; Ip, the bias current; Ixp, the cur-
rent fed to the row line 35 during a reading operation;
and Iyj, the current fed to the same line 35 during a
writing operation. The hatched area represents the
zero-voltage state of the gate and the non-hatched area,
the voltage state.

To write information, 1.e., to hold a persistent circu-
lating current I in the superconducting loop, the bias
current Iyis fed to the bias line 33, the control current
Iy to the control line 34, and the write current Iy to the
row line 35. Then, a current Kly flows through the
branch 21 and a current (1 —K)Iy through the branch
22, where K 1s a ratio of the self-inductance L1> of the
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branch 22 to the sum of the self-inductance Ly> and a
self-inductance IL,; of the branch 21, 1i.e.,
K==L1,/(L214+L33). The write gate 11 supplied with
the control current (Iy'+1Ix1) and the bias current K1y

1s brought to the voltage state, as seen from FIG. 2A.

Therefore, caused to flow through the branch 22 is a
current Iy-I,,; which is the difference between the bias

current Iy and the remaining current I, flowing
through the write gate 11. Thereafter, when all the
currents Iy, Iy and Ly; are made zero, the superconduc-
ting loop holds a clockwise circulating current I,
therein whereby data such as a “1” 1s written into the
cell. In the meantime, the sense gate 12 remains in its
zero-voltage state despite the bias current Iy; and the
control current (1 —K)Iy initially supplied thereto (see
FIG. 2B). This situation applies even after the transition
of the write gate 11 from the zero-voltage to the voltage
state, 1.e., even when the write gate 11 is fed with a bias
current (KIy—Iz;.) and the sense gate 12 with the con-
trol current (1 —K)Iy+ ... This teaches that informa-
tion can be written into the cell regardless of the state of
the gate by the above-stated condition.

On the other hand, when the currents Iy; and 1y are
supplied but not the current Iy, the write gate 11 is
switched to the voltage state according to the control
characteristic shown in FIG. 2A. Therefore, interrupt-
ing the supply of the currents Iy; and Iy under such a
condition will result in disappearance of the circulating
current In the superconducting loop. This erases the
information stored in the cell; the erasure being equiva-
lent to writing a “0”". It will be obvious from the control
characteristic of FIG. 2A that the presence/absence of
the circulating current does not matter at all for the
above situation.

To read data out of the cell, whether or not the persis-
tent circulating current I is flowing through the loop
is determined. The present invention achieves this ob-
ject by supplying the cell with the bias current Iy and
read current Iyp. If the circulating current I has been
held by the loop, a current (1 —K)Iy+1I.. will flow
through the branch 22 of the loop to switch the sense
gate 12 to the voltage state, as seen from FIG. 2B. If the
circulating .current I.;. has not been held, a control
current (1—-K)Iy will flow through the branch 22 to
maintain the sense gate 12 in the zero-voltage state, as
also seen from FIG. 2B. A detector 43 shown in FIG. 1
1s adapted to sense such two different states of the sense
gate 12, thereby reading information out of the cell. It
will be noted that the supply of the read current Ixp to
the row line 35 does not affect the voltage state of the
write gate 11 due to the characteristic shown in FIG.
2A.

It will be seen from the above that the basic cell in
accordance with the present invention makes the whole
memory circuit simple and highly integrated due to the
omission of one line and one power source, compared to
the conventional circuitry. Additionally, the basic cell
readily improves the yield and uniformity in the charac-
teristics of the products.

Referring to FIG. 3, there is shown an exemplary
2X2 array Josephson memory circuit which employs
four basic cells A-D each having the construction
shown 1n F1G. 1. Each of the cells A-D includes a write
gate 11, 13, 15 or 17 and a sense gate 12, 14, 16 or 18. A
bias line 33 1s connected to a power source 40 and a bias
line 33’ to a power source 40’, each power source sup-
plying a bias current Iy. The bias line 33 connects the
superconducting loops of the cells A and C in series
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with each other, while the bias line 33’ connects the
superconducting loops of the other cells B and D in
series with each other. Control lines 34 and 34’ are
respectively connected to power sources 41 and 41’
which serve to supply a control current Iy'. The control
line 34 is provided near write gates 11 and 15 of the cells
A and C, while the control line 34’ is provided near
write gates 13 and 17 of the cells B and D. Further, row
lines 35 and 35 are respectively connected to power
sources 42 and 42° which individually supply write/-
read currents. The row line 35 is formed near the write
gates 11 and 13 of the cells A and B and the row line 35’
near the write gates 15 and 17 of the cells C and D.
Also, the row lines 35 and 35 are so connected as to
supply bias currents to sense gates 12 and 14 of the cells
A and B and the sense gates 16 and 18 of the cells C and
D, respectively. Detectors 43 and 43’ are respectively
connected to the ends of the row lines 35 and 35’ in
order to detect the states of their associated sense gates.

During a write operation, data is written into a cell in
the matrix which is supplied with the currents Iy, Iy
and 1y'. During a read operation, a cell supplied with
the currents Lyp and Iyis selected out of the matrix and

the state of its sense gate is detected by the detector 43

or 43'.
A specific example of the memory circuit including
the memory cell array shown in FIG. 3 is illustrated in

FIG. 4. The power source 42 shown in FIG. 4 which

.. supplies the write current Iy; and read current Iy is

adapted for bifunctioning as both of the power sources
42 and 42’ of FIG. 3. Josephson gates 50 and 50' are
adapted to supply currents for the selection of row
direction memory cells out of the memory cells which
are arranged in the matrix. Each Josephson gate 50 or
S0’ switches its state from the zero-voltage state to the
voltage in response to coincident application of a con-
trol current which is the output of a decoder and a bias
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current which is the current Iy; or Iyp. Upon transition

of the gate 50 from the zero-voltage to the voltage state,

the current Iy; or Ixo from the power source 42 flows

through the line 35 or 35' for writing or reading infor-

.. mation in the manner described. The line 35 forms a

closed loop which extends through the primary wind-
ing of a transformer 431, which serves as the row direc-
tion detector 43, and then through a resetting Josephson
gate 432 to terminate at the other end of the gate 50.
Likewise, the line 35’ forms a closed loop which extends
through the primary winding of a transformer 431,
which serves as the row direction detector 43’, and then
through a resetting Josephson gate 432’ to terminate at
the other end of the gate S0'. The secondary windings of
the transformers 431 and 431’ are connected in series to
constitute a sense bus. The states of the sense gates 12
and 14 or those of the sense gates 16 and 18 are discrimi-
nated by determining whether or not a current is flow-
1ng through the secondary winding (sense bus) of the
transformer 431 or 431'. That is, if the sense gate of a
selected cell is in the zero-voltage state while the read
current is flowing, a current will flow through the sense
bus; 1f it is in the voltage state, no current will flow
through the sense bus. Each of the resetting Josephson
gates 432 and 432’ functions to interrupt the persistent
circulating current which flows through the closed loop
formed by the line 35 or 35’, in synchronism with read
and write clock signals. In more detail, after the supply
of the write current Iy) or the read current 1yp, the gate
S0 or 50 regains the zero-voltage state to cause its asso-
ciated line 33 or 35’ to complete a closed superconduc-
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ting loop, so that the current Iy; or Iy remains in the
closed loop as the persistent circulating current. Thus,
the Josephson gate 432 or 432’ is supplied with a reset
current Ig as a control current to switch the state of the
gate 432 or 432’ from the zero voltage state to the volt-
age, thereby blocking the circulating current. The cir-
cuitry shown in FIG. 4 is a basic circuitry which is also
applicable to other embodiments which will be de-
scribed hereinafter.

While binary information has been represented above
by the presence or absence of a persistent circulating
current in a cell, it may be represented also by the flow
direction of the circulating current. This flow direction
correspondence is readily achievable in the arrange-
ment of FIG. 1 or 3 by enabling the bias current to
selectively flow in the positive and negative directions
and suitably designing the control characteristics of the
write gate 11 and sense gate 12, control current Iy,
write current 1y and read current Iyy. A practical em-
bodiment employing such alternative correspondence
between information and the circulating current will be
described with reference to FIG. 5. In FIG. 5, when
binary information to be stored is represented by a spe-
cific flow direction of the circulating current, coinci-
dent application of the currents Iy and Ip is not em-
ployed for unselected cells in order to insure the operat-
ing margin of the write gate.

The construction shown in FIG. 5§ is basically similar
to that shown in FIG. 3, except for the difference in the
control characteristics of write gates and the fact that in
FIG. § control lines 36 and 36’ do not extend vertically
but pass near the write gates of diagonally aligned cells,
e.g. write gates 11 and 17 of cells A and D. The control
characteristics of write gates and sense gates are shown
in FIGS. 6A and 6B, respectively.

Because all the cells share the same principle of oper-
ation, only the operation of the cell A will be described.
To hold a clockwise circulating current +1.. in the
closed superconducting loop of the cell A, a control
current Ip 1s fed through the control line 36, a write
current Iy; through the row line 35 and a bias current
Iythrough the bias line 33, all in coincidence. Then, the
write gate 11 temporarily switches its state from the
zero-voltage to the voltage according to the control
characteristic thereof (FIG. 6A), so that a current Iy-I-
min flows through the right-hand branch 22 of the closed
loop of the cell A as has been the case with FIG. 1.
Thereafter, all the currents are made zero to hold the
persistent circulating current + I in the loop. Mean-
while, to hold a counterclockwise circulating current
— I.jrc In the loop, the control current Ip and write cur-
rent Ix; are supplied while, at the same time, a bias
current —Iy1s fed to the bias line 33. The result is the
temporary transition of the write gate 11 to the voltage
state due to its control characteristic shown in FIG. 6A,
whereby a current —(Iy—1I1,,,;,) which is the difference
between the bias current —Iyand the minimum current
—Lmin of the gate 11 flows through the right-hand
branch 22 of the loop in the opposite direction to the
previously mentioned Iy-l,,,. Thereafter, all the cur-
rents are cut off to cause the counterclockwise circulat-
ing current — I to be held by the loop.

A direction of the circulating current held in the cell
A 1s detected by the coincident application of the bias

-current 1ysupplied to the bias line 33 and the read cur-

rent Iyp supplied to the row line 35. If +1..is in the
superconducting loop, (1—K)Iy+I1.. flows through
the branch 22 to switch the sense gate 12 to the voltage
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state in accordance with the control characteristic
shown in FIG. 6B. If —I.;1s in the superconducting
loop, (1—-K)Iy— I, flows through the branch 22 keep-
ing the sense gate 12 in the zero-voltage state due to the
control characteristic of FIG. 6B. Discrimination be-

tween these two states of the sense gate 12 1s achieved
with the detectors shown in FIG. 4. In this instance, the
current Iyp through the row line 35 of the cell A does

not cause the transition of the sense gate 11 to the volt-
age state by virtue of the characteristics depicted in
FIG. 6A, because only the bias current +Kly or
+ (K1Iy-I.irc) and control current Ixp flow through the
write gate 11.

While successfully cutting down the numbers of lines
and power sources, the foregoing embodiments stiil
require the write and sense currents to have different
absolute values. Hereinafter will be described another
embodiment of the present invention which enables
write and read currents of the same absolute level to be
used, thereby simplifying the circuit design of the
power source section.

Described first is a memory circuit which represents
binary information by the presence/absence of the cir-
culating current. The basic construction of this memory
is essentially similar to that shown in FIG. 3 except that
the write gate 11 and sense gate 12 have such control
characteristics as shown in FIGS. 7A and 7B, respec-
tively, and that the write current Iyp and read current
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- —Ixo are commonly supplied by the power source 42.

“The operation will therefore be described with refer-
-ence to FIGS. 3, 7A and 7B.

To cause the cell A to hold the circulating current
I.irc regardless of its storage condition, the bias current
1y, the control current Iy and the write current Iy are
simultaneously fed to the lines associated with the cell
A. Then, due to the control characteristic shown in
FIG. 7A, the write gate 11 supplied with the bias cur-
rent KIy (when I.;. 1s absent) or the current KIy-Icirc
-(when I is present) and the control current 1xo+I1y’
‘has its state temporarily switched from the zero-voltage
to the voltage. As a result, a current I1y-I,,i flows 1nto
“the branch 22. Thereafter, making all the currents Iy, Iy
and Ixp zero will cause the superconducting loop of the
cell A to hold the circulating current 1.

To remove the circulating current I.;., the currents
Iyoand Iy’ are supplied but not the current I yso that the
-write gate 11 is switched to the voltage state causing
I.ire to disappear. Thereafter, both the currents Ixp and
Iy will be made zero.

Coincident application of the bias current Iy and
control current —Iyp discriminates whether or not the
circulating current I.; has been held in the supercon-
ducting loop of the cell A. If so, a current
(1 —K)y+ I flows through the branch 22 of the cell
A to set up the voltage state of the sense gate 12 accord-
ing to the control characteristic of FIG. 7B; if not, a
current (1—K)Iyflows through the branch 22 to main-
tain the sense gate 12 in the zero-voltage state due to the
characteristic of FIG. 7A. The two different states are
detected by the detector 43. The current —Ixg which
- may be supplied here to the row line 35 is ineffective to
cause transition of the write gate 12 to the voltage state,
due to the characteristic of the write gate 12 shown in
FIG. TA.

Referring to FIGS. 5, 8A and 8B, another embodi-
ment of the present invention will be described 1n which
binary information is represented by the persistent cir-
culating current of either clockwise or counterclock-
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wise and is written or read in response to currents hav-
ing the same absolute level.

The embodiment which will be described with refer-
ence to FIGS. 5, 8A and 8B 1s the same in basic con-
struction as that described with reference to FIGS. §,
6A and 6B, except that the write and sense gates of each
cell have control characteristics shown in FIGS. S8A
and 8B, respectively, and that the power source 42
supplies a write current Iyp and a read current — I xp.

In order to flow the circulating current - I
through the superconducting loop of the cell A regard-
less of the storage condition, the currents Ip, Ixpand 1y
are fed to switch the write gate 11 temporarily to the
voltage state according to the characteristic shown in
FI1G. 8A. Then, a current Iy-I,;;, flows through the
branch 22. Thereafter, the control current Ip, write
current I1yp and bias current I yare all made zero so that
the circulating current + I.;». becomes held in the super-
conducting loop.

To hold —I.i regardless of the storage condition of
the cell A, triple coincidence of the control current Ip
and currents Ixpand —Iytemporarily switches the sense
gate 11 to the voltage state according to the characteris-
tic of FIG. 8A. Under this condition, a current —(Iy-1-
min) flows through the branch 22. This is followed by
making all the currents Ip, Iyp and —1y zero, whereby
—Icirc 1s held 1n the superconducting ioop. In both the
writing operations described, the sense gate 12 1s kept in
the zero-voltage state due to the characteristic shown in
FIG. 8B.

Coincident application of the bias current Iyand read
current — Iypare used to determine a direction in which
the circulating current I.;.is flowing through the super-
conducting loop of the cell A. If +1.;;c has been held, a
current (1 —K)Iy+ 1. flows through the branch 22 and
the sense gate 12 switches itself to the voltage state n
accordance with the characteristic shown in FIG. 8B; if
— Loire, a current (1 —K)I y-jcirc flows through the branch
22 and the sense gate 12 remains in the zero-voltage
state. Again, these two states are discriminated from
each other by the detector 43. The current —Ixp flow-
ing through the row line 35 in the above sitvnation can-
not switch the write gate 11 {o the voltage stage, due to
the particular characteristic shown in FIG. 8A.

What is claimed 1s:

1. A Josephson memory circuit comprising: a closed
superconducting loop having a first node and including
therein a first Josephson gate; a first line connected to
said first node; a second Josephson gate disposed in
electromagnetically coupled relationship with said su-
perconducting loop; a second line disposed in electro-
magnetically coupled relationship with said first Jo-
sephson gate; and a third line connected to said second
Josephson gate and a detector for detecting a state of
said second Josephson gate through said second Joseph-
son gate and disposed in electromagnetically coupled
relationship with said first Josephson gate, each of said
Josephson gates having an input and an output and
having a non-voltage state in which 1t presents a very
low impedance between its input and ouiput and a volt-
age state in which 1t presents a very high impedance
between its input and output, said first Josephson gate
being switched to the voltage state when current pulses
of predetermined levels 1y, Iy and Ix; are coincident-
ally supplied to said first, second and third lines, respec-
tively, and said first Josephson gate being thereafter
switched to the non-voltage state when said current
pulses are no longer coincidentally supplied to said first,
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second and third lines to thereby set up a persistent
current flowing in said superconducting loop, and said
second Josephson gate being switched to the voltage
state by the coincident supply of currents Iy and Iy of
predetermined levels when a persistent current flowing
in said superconducting loop is set up.

2. The Josephson memory circuit as claimed in claim
1, in which said detector comprises a transformer hav-
ing a primary winding connected in series with said
second Josephson gate; a secondary winding; and
means for deriving an output signal from said secondary
winding.

3. A Josephson memory circuit comprising: a plural-
ity of cells, arranged in a matrix of rows and columns
and each having a closed superconducting loop with a
first Josephson gate included therein; a second Joseph-
. son gate disposed in electromagnetically coupled rela-
tionship with each said superconducting loop; a plural-
ity of first lines, extending in parallel in a column direc-
tion of said cells, which are connected in series within a
given column and respectively connected to said super-
conducting loops of the cells associated with the respec-
tive columns; a plurality of second lines extending in
parallel in said column direction and respectively dis-
posed In electromagnetically coupled relationship with
said first Josephson gates of the cells associated with the
respective columns; and a plurality of third lines extend-

~1ng 1n a row direction intersecting said column direction

and each connected to a respective detector for detect-
ing a state of an associated second Josephson gate
through said second Josephson gates of the cells associ-
ated with the respective rows and disposed in electro-
magnetically coupled relationship with said first Jo-
sephson gates of the cells in said row direction; each of
said Josephson gates having an input and an output and
‘having a non-voltage state in which it presents a very
low impedance between its input and output and a volt-
‘age state in which it presents a very high impedance
between its input and output, each of said first Joseph-

son gates being switched to the voltage state when

current pulses of predetermined levels Iy, Iy Ix; are
coincidentally supplied to said first, second and third
hines, respectively, and said first Josephson gate being
thereafter switched to the non-voltage state when said
current pulses are no longer coincidentally supplied to
said first, second and third lines to thereby set up a
persistent current flowing in said superconducting loop,
and each of said second Josephson gates being switched
to the voltage state by the coincident supply of a cur-
rent Iy and a current of a predetermined level Iyg sup-
plied to said third line when a persistent current flowing
in said superconducting loop is set up.
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4. The Josephson memory circuit as claimed in claim
3, in which said currents Iy; and Ixp are common in
absolute level and opposite in polarity.

d. The Josephson memory circuit as claimed in claim
3, in which said current I yis a current, selected in accor-
dance with information to be stored in said memory
circuit, out of two currents which are opposite in polar-
ity to each other.

6. A Josephson memory circuit comprising: a plural-
ity of cells arranged in a matrix of rows and columns
and each having a closed superconducting loop with a
first Josephson gate therein; a second Josephson gate
disposed in electromagnetically coupled relationship
with said superconducting loop; a plurality of first lines
extending in a column direction of said cells and respec-
tively connected to said superconducting loops of the
cells associated with the respective columns; a plurality

of second lines extending in 2 diagonal direction on said
matrix and respectively disposed in electromagnetically
coupled relationship with said first Josephson gates of
the cells in said diagonal direction; and a plurality of
third lines extending in a row direction which crosses
said column direction and respectively connected to a
detector for detecting a state of the associated second
Josephson gate through said second Josephson gate and
disposed in electromagnetically coupled relationship
with the first Josephson gates of the cells in said row
direction; each of said Josephson gates having an input
and an output and having a non-voltage state in which
it presents a very low impedance between its input and
output and a voltage state in which it presents a very
high impedance between its input and output, each of
said first Josephson gates being switched to the voltage
state when current pulses of predetermined levels 1y, Iy
and Iy are coincidentally supplied to said first, second
and third lines, respectively, and said first Josephson |
gate being thereafter switched to the non-voltage state
when said current pulses are no longer conincidentally
supplied to said first, second and third lines to thereby
set up a persistent current flowing in said superconduc-
ting loop, and each of said second Josephson gates being
switched to the voltage state by the coincident supply
of said current Iyand a current of a predetermined level
Ixo supplied to said third lines when a persistent current
flowing in said superconducting loop is set up.

7. The Josephson memory circuit as claimed in claim
6, in which said current Iyis a current, selected in corre-
spondence with information to be stored in said mem-
ory circuit, out of two currents which are opposite in
polarity to each other.

8. The Josephson memory circuit as claimed in claim
6, in which said currents Iy; and lyp are common in

absolute level and opposite in polarity.
¥ % . 3 * %
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